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Calbindin positive (CB+) giant neurons are known to occur within the pulvinar nucleus in subhuman primates. Here, we demonstrate
by combined retrograde tracing and immunocytochemistry that at least some of these are pulvinocortical relay neurons, and further
report several distinctive features. First, in contrast with non-giant relay neurons, the giant neurons are often solitary and isolated from
a main projection focus. The question thus arises of whether their cortical projections may be non-reciprocal or otherwise distinctive.
Second, these neurons are positive for GluR4; but third, they are otherwise neurochemically heterogeneous, in that about one-third are
positive for both parvalbumin (PV) and CB. Presumably, these subpopulations are also functionally heterogeneous. These results provide
further evidence for the idea of multiple, interleaved organizations within the pulvinar; and they imply that thalamocortical projections
are more disparate than has yet been appreciated. Finally, we found that giant CB+ neurons have a distinctive meshwork of large, PV+
terminations, prominent at the ﬁrst dendritic branch point. In size and location, these resemble inhibitory terminations from the zona
incerta or anterior pretectal nucleus (APT), as recently described in higher order thalamic nuclei in rats. One can speculate that giant
neurons in the macaque pulvinar participate in a layer 5-APT-thalamus (giant neuron) extrareticular pathway, functionally distinct from
the layer 6-reticular nucleus-thalamus network.
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INTRODUCTION
In the subhuman primate thalamus, pulvinocortical projections originate
from glutamatergic relay neurons which can be further characterized
by morphological criteria as bushy or radiate (Jones, 2007; Ma et al.,
1998; Sherman and Guillery, 2006), and as positive for calbindin (CB) or
parvalbumin (PV). A useful distinction, strongly manifest in the ventral
posterior complex, has been that PV+ neurons (“core”) tend to be larger,
layer 4-projecting, and topographically organized, whereas CB+ neu-
rons (“matrix”) are smaller, layer 1-projecting, and non-topographically
organized (Jones and Hendry, 1989).
Interestingly,however,theCB+populationisitselfnon-homogeneous,
and includes a small number of scattered, giant CB+ neurons concen-
trated mainly in the lateral part of the inferior pulvinar (Pli) and the lateral
half of its dorsal extension (“lateral pulvinar” according to Olszewski)
above the corticotectal tract (Adams et al., 2000; Cola et al., 2005;
Cusick et al., 1993; Gray et al., 1999; Jones, 2007; Soares et al., 2001;
Stepniewska,2004).Althoughtheseneuronshavebeenobservedrepeat-
edly,thereissofarverylittleinformationconcerningtheirspeciﬁcproper-
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ties and possible function. (“The likelihood of widely differing projections
of the unusually well-stained and the smaller, less well-stained CB-
immunoreactive cells in the Plil [inferior pulvinar, lateral portion] is espe-
cially tantalizing and also invites investigation,” Jones, 2007, p. 1069).
Inthisreport,weprovideevidencethatatleastsomeofthegiantCB+
neurons are projection neurons, and that they are neurochemically het-
erogeneous, with a small subpopulation positive for both CB and PV. Like
neuronsinthereticularnucleus(RT),thegiantneuronsasagrouparepos-
itiveforGlutamatereceptor4(GluR4).Finally,thegiantneuronscommonly
haveproximaldendritesenmeshedwithPV+terminations.Inhigherorder
thalamic nuclei in the rat, this conﬁguration has been associated with a
specialized, extrareticular GABAergic pathway (Bokor et al., 2005).
MATERIALS AND METHODS
Animals
Ten macaque monkeys (Macaca mulatta and fuscata, 4.0–5.8kg) were
usedforimmunohistologicalinvestigations.Inaddition,tenothermacaque
monkeys (M. mulatta) were available from other ongoing studies, which
had tracer injections in different cortical locations (Figure 1 )i na r e a
V4, TEO, and posterior or anterior TE (TEp, TEa). No differences were
observed between the two subspecies. Tracers used were: biotinylated
dextran amine (BDA, Molecular Probes, Eugene, OR; n=3); BDA and
ﬂuororuby (FR, Molecular Probes; n=2); and a newly developed aden-
ovirus, generated by using a neuron-speciﬁc promoter synapsin 1 and an
enhancedgreenﬂuorescentprotein(EGFP)reporter(AdSynEGFP;Tomioka
and Rockland, 2006; n=5). As terminal procedures, all animals were
deeplyanesthetizedbyanoverdoseofNembutal(75mg/kgi.p.),following
a tranquilizing dose of ketamine (11mg/kg i.m.), and perfused transcar-
dially in series with: saline containing 0.5% sodium nitrite (0.3–0.5L),
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Figure 1. Schematic diagrams of the macaque left cerebral hemisphere to demonstrate location of tracer injections.( A) Five cases with injections of
BDA, or BDA and FR, in anterior TE, posterior TE, or TEO. Dotted lines indicate estimated borders for these three regions (Saleem and Logothetis, 2007). (B) Five
cases with injections of BDA (“B”) and AdSynEGFP (“A”) in anterior TE, posterior TE, TEO, or V4 (case 109).
4% paraformaldehyde (4L, in 0.1M phosphate buffer [PB], pH 7.4), and
0.1M PB containing sucrose (0.5L each of 10, 20, and 30%). All animal
procedures were carried out in conformity with ofﬁcial Japanese regula-
tions for research on animals, following institutionally approved protocols
(RIKEN, Brain Science Institute), and in accordance with the USA National
Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH
Publication No. 80–23, revised 1996). Experimental protocols involving
AdSynEGFP were approved by the Safety Division of the RIKEN Institute,
andwerecarriedoutinbiosafetylevel2rooms,alsoinaccordancewiththe
USA NIH Guidelines for Research Involving Recombinant DNA molecules.
Surgery and tracer injections
Surgery was carried out under sterile conditions after the animals were
deeply anesthetized with Nembutal (35mg/kg i.p. followed by i.v. sup-
plements as needed). Cortical areas of interest were localized by direct
visualization,subsequenttocraniotomyandduratomy,inrelationtosulcal
landmarks (i.e., superior temporal sulcus, or anterior or posterior middle
temporal sulci, or, for V4 and TEO, the lunate sulcus). Two or three injec-
tions were pressure delivered through a 10l Hamilton syringe, with a
volume of 0.75–1.2l per injection. For BDA, a 10% solution was used
(1:1 mixture of 3000 and 10000MW, in 0.0125M phosphate-buffered
saline (PBS); pH 7.4); for FR, 10% in 0.1M PBS; for AdSynEGFP, 1.5lo f
1.0×1012 pfu/ml (Tomioka and Rockland, 2006, 2007). After recovery,
the animals were allowed to survive 18–22days for axonal transport of
tracers, and then perfused as above. The results among the three tracers
were consistent in producing a few, scattered very large neurons in the
pulvinar, but BDA produced the least complete dendritic ﬁlling.
BDA and FR have been extensively used as anterograde tracers
(Veenman et al., 1992). However, in some pathways, sporadic retrograde
transport is known to occur (Reiner et al., 2000). On the basis of our
previous experience with these tracers, we would agree that the BDA
retrograde labeling is usually subtotal (“capricious,” Vercelli et al., 2000);
but, while this precludes quantitative analysis, positive labeling, as long
as it is understood to be subtotal, is reliable and not artifactual.
Tissue preparation: tracers
Tissue was sectioned at 50m, on a freezing microtome. Free-ﬂoating
sectionswereprocessedbystandardtechniquesforBDAorFR,usingABC
kits (ABC Elite kits, Vector Laboratories, Burlingame, CA) and DAB (Zhong
and Rockland, 2003). Two cases received injections of both BDA and FR.
First,tissuewasreactedforBDA,withtheadditionof0.03%nickelammo-
niumsulfatetotheDABsolution,inordertoproduceablackreaction.Next,
processingwascontinuedbythefollowingsteps:primaryantibody(rabbit
polyclonal anti-tetramethylrhodamine, Molecular Probes) to FR (1:6000;
4◦C for 2 days), goat biotinylated anti-rabbit secondary antibody (1:200)
andABCcomplex,andaﬁnalDABstep,withoutnickelammoniumsulfate.
The FR reaction product was thus distinguished as brown.
The animals with injections of AdSynEGFP also had injections of BDA.
As for BDA and FR, tissue was ﬁrst processed for BDA (black, by nickel
enhancement), and then for EGFP (brown, by DAB). The second reaction
was initiated by using 1g/ml of rabbit anti-EGFP antibody (produced at
RIKEN Research Resource Center (RRC)), followed by secondary antibody
and ABC complex, and DAB histochemistry without nickel ammonium
sulfate (Tomioka and Rockland, 2007).
Single immunoperoxidase staining for GluR4 or CB
SectionswereprocessedfromthreebrainsforGluR4andfromonebrainfor
CB.Thesewereimmersedinblockingsolution(0.1MPBScontaining0.5%
Triton-X-100and5%normalgoatserum),andthenincubatedfor2daysat
4◦Cwithrabbitpolyclonalanti-GluR4(1:1000;Chemicon,Temecula,CA)or
mouse monoclonal anti-CB antibody (1:1000; Swant, Bellinzona, Switzer-
land).Finally,sectionswereincubatedwithbiotinylatedanti-rabbitoranti-
mousesecondaryantibody(1:200;Vector),andvisualizedbyABCandDAB.
Double immunoﬂuorescence for CB and PV; CB and GluR4
In eight brains (including two of the four described above), 10–12
selected sections were double reacted for CB and PV, or for CB and
GluR4. For primary antibodies, we used rabbit polyclonal anti-CB anti-
body (1:400; Chemicon), mouse monoclonal anti-CB antibody (1:1000;
Swant), mouse monoclonal anti-PV antibody (1:5000; Swant), and rabbit
polyclonalanti-GluR4antibody(1:400;Chemicon).Afterblocking,sections
wereincubatedfortwodaysat4◦Cinamixtureoftwodifferentantibodies.
Then, sections were incubated for 90minutes in the suitable combination
of secondary antibodies. These were chosen from: Alexa Fluor 488-
conjugatedanti-mouseIgGgoatantibody(1:200;MolecularProbes),Alexa
Fluor 594-conjugated anti-mouse IgG goat antibody (1:200; Molecular
Probes), Alexa Fluor 488-conjugated anti-rabbit IgG goat antibody (1:200;
Molecular Probes), Alexa Fluor 594-conjugated anti-rabbit IgG goat anti-
body (1:200; Molecular Probes). Sections were mounted on glass slides
and coverslipped with IMMU-Mount (Thermo Shandon, Pittsburgh, PA).
Double reaction for CB and BDA; CB and AdSynEGFP
To verify directly that giant projection neurons are positive for CB, we
doublereactedselectedsectionsinonecaseﬁrstforCB(asabove,mouse
monoclonal anti-CB antibody). After washing with 0.1M PBS, the CB-
reactedsectionswerefurtherprocessedtovisualizeBDAbyﬂuorescence.
For this, sections were incubated for 1.5hours at room temperature in
a mixture of Alexa Fluor 488-conjugated streptavidin (st-avidin, 1:200;
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Figure 2. Retrogradely labeled pulvinocortical neurons include giant cells.( A) Injections of AdSynEGFP (brown DAB) and BDA (black, nickel-enhanced
DAB) in posterior area TE (TEp) result in a dense projection focus in Plil, dorsal to the corticotectal tract. Abundant EGFP-labeled neurons (brown) are evident,
with some BDA retrogradely labeled neurons (black), and abundant BDA anterogradely labeled terminations (black). Arrowheads point to two giant BDA-labeled
neurons, and arrow indicates one giant EGFP-expressing neuron. Dorsal is at the top and lateral is to the left (also for C and E). (B) Higher magniﬁcation of
the EGFP-expressing neuron in A. (C) After injections in posterior TE, in case 57, of FR (brown DAB) and BDA (black, nickel-enhanced DAB), there is a dense
projection focus. Two FR-labeled neurons at the lateral edge are indicated by arrows; and a third arrow marks another two giant neurons, located more medially,
neighboring to a patch of cortical terminations. (D) Higher magniﬁcation of the two medially located neurons in C. The upper of these is double-labeled (brown
FR and black BDA). (E) Injections of AdSynEGFP (brown DAB) and BDA (black, nickel-enhanced DAB) in area V4 (case 109) result in a dense projection focus (and
see Figure 3). Abundant EGFP-expressing neurons (brown) are evident, with some BDA retrogradely labeled neurons (black) and abundant BDA anterogradely
labeled terminations (black). Arrows indicate four relatively solitary giant BDA-labeled neurons, at the lateral edge of the pulvinar. A, C, and E are at the same
magniﬁcation.
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Molecular Probes), and secondary antibody Alexa Fluor 594-conjugated
anti-mouse goat antibody (1:200; Molecular Probes).
For CB and AdSynEGFP, selected sections were incubated in a mixture
of mouse monoclonal anti-CB antibody and rabbit polyclonal anti-EGFP
antibody, followed by Alexa Fluor 594-conjugated anti-mouse goat anti-
body and Alexa Fluor 488-conjugated anti-rabbit goat antibody.
Data analysis
SectionswerescannedbyaZeissAxioskop2plusmicroscope(CarlZeiss,
Jena, Germany) using transmitted light or appropriate ﬂuorescent ﬁlters
for Alexa Fluor 488 (peak excitation, 495nm; peak emission, 519nm)
and Alexa Fluor 594 (peak excitation, 590nm; peak emission, 617nm).
Photographs were taken as digital images. Images were merged and
adjusted for contrast and/or brightness to match the real image, by using
standard image software (Adobe Photoshop 7.0, Adobe, San Jose, CA).
Soma size of CB+ neurons was assessed by using a light microscope
(40×objective)withacameralucidadrawingapparatus(MH-3,Olympus,
Tokyo, Japan), and tracing the long and short axis of the soma. Seven
sectionswereusedfromonecasereactedbyDAB.Neurons(n = 50)were
evaluated from both inferior pulvinar and its dorsal extension (classical
“lateralpulvinar”).Wealsocalculatednumberanddensity(sq.millimeter)
per section in the same material.
Several nomenclatures have been introduced to designate pulvinar
subdivisions,mainlybasedonneurochemicalcriteria(Adamset al.,2000;
Gutierrez et al., 1995; Stepniewska, 2004; and summarized in Jones,
2007). A standardization suggested by Jones uses “lateral” and “inferior
pulvinar,” but with borders modiﬁed from the classical Olszewski subdi-
visions. Notably, the ventral portion of the lateral pulvinar is considered
an extension of Pli. We have followed this subdivision and designate this
portion as Plil.
RESULTS
Distribution
Consistent with several previous studies, immunohistochemistry for CB
revealedasmallnumberofgiantneuronsconspicuousfortheirlargesoma
sizeandintenseCBstaining.Averagesomasize(n=50)wasascertained
as 20 (short axis)×30m (long axis), with 42.5m being the longest
axis.Asillustratedbyothers,thisisabouttwicethesizeofsmallCB+neu-
rons(Figure4DinJonesandHendry,1989;Figure7inColaet al.,2005).
Theseneuronstendedtobesolitary,withaspacingof300–500m.They
are concentrated laterally, above and below the corticotectal tract (Cola
et al., 2005; Cusick et al., 1993; Soares et al., 2001; and see distribution
map in Figure 10.10, Jones, 2007).
Tracer injections
To assess whether giant CB+ neurons project to cortical areas, we ﬁrst
scannedhistologyslidesfrombrainswithtracerinjectionsindifferentcor-
ticalregions.InjectionswereinareaV4andseveraltemporalsubdivisions,
extending from area TEO to anterior dorsal TE (Figure 1).
Inallthesecases,asmallnumberofverylargeretrogradelyﬁlledneu-
ronscouldbediscerned,inadditiontoalargernumberofsmallerneurons
(Figures 2 and 3). The large neurons were spaced about 300–700m
apart and varied from 0–6per section. Scoring three sequential sections
in case 109 (Figure 3), we counted four giant neurons (BDA-labeled) and
42 non-giant (18 labeled by BDA and 24 by AdSynEGFP), three giant neu-
rons (two labeled by BDA and one by AdSynEGFP) and 56 non-giant (28
labeled by each tracer), nine giant neurons (six labeled by BDA and three
by AdSynEGFP; one double-labeled) and 68 non-giant (47 labeled by BDA
and 21 by AdSynEGFP). Giant neurons tended to occur preferentially ven-
tral and lateral in Plil or, to a lesser extent, in Pli below the corticotectal
tract, in its lateral portion. Often, these did not overlap with the dens-
est part of the main projection focus, but were offset slightly more than
1.0mm laterally from this (Figures 2 and 3).
One hallmark of giant CB+ neurons is that they have radiating den-
drites(Jones,2007).Inourmaterial,onlylimited,proximaldendriticﬁlling
Figure 3. Distribution of pulvinocortical neurons.( A–C) Line drawings of
the pulvinar from three sequential sections (s 85, 86, 87; case 109), showing
the distribution of retrogradely labeled pulvinocortical neurons. Giant neurons
(X) are few, usually isolated, and are often located laterally. Non-giant neurons
are indicated by ﬁlled circles (1 circle or X=1 neuron). A few of these occur
away from the dense projection focus. BDA-labeled neurons are in black;
AdSynEGFP-labeled neurons, in red; and concentrations of dense anterograde
label (BDA only) are shown by dotted lines. Dashed lines indicate approximate
location of corticotectal tract. Medial is to the left.
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was produced by BDA. AdSynEGFP resulted in more extensive, Golgi-like
ﬁlling,butonlyasmallnumberofgiantneuronsoccurredaftertheseinjec-
tions. For one obviously giant neuron, dendritic spread was measured as
360m and 680m from the soma (Figure 2B). For another neuron
(not illustrated), the dendritic tree was more spherical, with a radius of
400m. This contrasts with the smaller tree of “bushy” pulvinocortical
neurons, where the dendritic arbor is about 300m in diameter.
The most abundant labeling of giant neurons resulted from the BDA
injection in posterior area TE (case 57); but, given the “capricious” nature
of FR and BDA as retrograde tracers, it is very likely that not all the
pulvinocortical projection neurons have been labeled. That is, even in
case 57, the number of giant neurons is much less than what is evident
after CB immuno-labeling.
In order to ascertain more directly that large CB+ neurons were
in fact projection neurons, we double-reacted selected sections by
immunoﬂuorescence for antibodies against CB and EGFP (n=2 brains),
or for anti-CB combined with streptavidin conjugated with Alexa 594, to
visualize BDA (n=1 brain). For eleven neurons, we were able to verify
directly that giant retrogradely labeled neurons are CB+ (Figure 4). None
of the giant projection neurons were CB−, but we stress that screening
was limited to a few sections.
Neurochemical properties
Doubleimmuno-labelingforCBandPVdemonstratedtwosubpopulations,
in an approximate ratio of 2:1. That is, most of the giant neurons were
only CB+ (n=88), but about one-third (n=39) were both CB+ and PV+
(Figure 5). Giant neurons positive for GluR4 occur in about the same
density and location as giant CB+ neurons (Figure 6). Double immuno-
labeling for CB and GluR4 directly showed that all giant CB+ neurons
were also positive for GluR4 (Figure 7).
InthematerialdoublereactedforCBandPV,wenoticedthattheprox-
imal dendritic portions of giant CB+ neurons were commonly enmeshed
with large PV+ terminations. These were particularly obvious beyond the
ﬁrst dendritic branch point (Figure 8). In DAB-reacted material, a similar
conﬁguration of PV+ terminations could be discerned in association with
proximal dendrites of very large PV+ neurons (not illustrated).
DISCUSSION
The population of giant CB+ neurons has been previously noted by sev-
eral investigators (Adams et al., 2000; Cola et al., 2005; Cusick et al.,
1993; Gray et al., 1999; Jones, 2007; Soares et al., 2001; Stepniewska,
2004);andtheirdistributionwithinthepulvinarhasrecentlybeenmapped
(Figure 10.10inJones,2007).Inthisstudy,wehavereportedthreefurther,
functionally relevant observations, as discussed below.
First,wehaveveriﬁedthatatleastsomegiantneuronsarepulvinocor-
tical relay cells. This is shown indirectly, based on soma size and location
after retrograde tracer injections in cortical areas. More directly, giant ret-
rogradely labeled neurons are double-labeled for CB. We note that the
number of very large, retrogradely ﬁlled neurons was markedly less than
the number of giant CB+ neurons (see our Figure 6 (GluR4), and Figure
10.10 in Jones, 2007). This is probably because the BDA and FR are only
sporadic retrograde tracers; but the AdSynEGFP injections also revealed
only a few very large neurons. The possibility remains that some of these
neurons are not projection neurons, or that the cortical target is differ-
ent from regions we injected. Double labeling for CB and a conventional
retrograde tracer, such as cholera toxin, could clarify this issue.
The giant relay cells tend to be solitary, not clustered. The more
numerous, non-giant pulvinocortical relay neurons are characteristically
clustered together, although a few outliers can usually be detected. In our
material, the very large neurons are usually offset about 1.0mm laterally
from the main projection focus. In the main projection focus, anterograde
and retrograde labeling is dense and overlapping. There is frequently no
anterograde labeling at all in the immediate vicinity of the giant neurons,
or only sparse labeling. Our interpretation is that these neurons may have
preferentially one-way, non-reciprocal connections with their cortical tar-
Figure4. GiantpulvinocorticalrelayneuronsretrogradelylabeledbyBDA
are CB+.( A) Giant neuron (arrowhead) intensely immunoﬂuorescent for CB.
Two other, smaller CB+ neurons are indicated by arrows. (B) Same sec-
tion, reacted with streptavidin-Alexa488 to visualize BDA transported from an
injection in posterior area TE. Arrowhead and arrows indicate the same three
neuronsasinA.(C)MergedimagedirectlydemonstratesthatthesethreeCB+
neurons are also labeled by BDA.
gets. At least, these may be considerably less dense than for non-giant
neurons. Alternately, they may receive cortical terminations, but not from
their own cortical targets.
A few giant projection neurons were double-labeled by injections of
BDA and FR, which were separated by 5.0mm in dorsal and ventral por-
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Figure 5. A subset of giant neurons is positive for both CB and PV.( A) A ﬁeld of CB+ neurons from PI, including one giant neuron (immunoﬂuorescense for
Alexa-594). (B) Same section reacted for PV (immunoﬂuorescense for Alexa 488). (C) Merged image directly demonstrates that the giant neuron is both CB+and
PV+. Boxed segments are shown at higher magniﬁcation in Figure 8.( D) Giant CB+ neuron from another animal. (E) Same section reacted for PV. (F) Merged
image directly demonstrates that the giant neuron is both CB+ and PV+. Boxed segment is shown at higher magniﬁcation in Figure 8.
tions of area TEp (Figure 1). This could mean that, like the smaller, matrix
CB neurons in the somatosensory thalamus, these giant neurons tend to
have diffuse, cross-area projections. However, more experiments, using
more widely spaced injections, will be necessary to determine this issue.
As it is, the distinction of layer 1-versus layer 4-projecting pulvinocor-
tical neurons may be less sharp in the occipitotemporal region; single
axons in this region can arborize in both layer 1 and the middle lay-
ers (Rockland et al., 1999). Some of the giant neurons, as noted, are
positive for both CB and PV (see also Jones and Hendry, 1989 about
CB+PV+ neurons).
Asecondsigniﬁcantfeatureisthatthesegiantneuronsintheirproximal
dendritic portions, beyond the ﬁrst branch point, are enmeshed with PV+
large terminations. Among the most likely sources of these terminations
aretheRT,zonaincerta,ortheanteriorpretectalnucleus(APT),allofwhich
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Figure 6. Giant neurons are positive for GluR4. Coronal section overview
throughPlil(lateralistotheleft),withscatteredlargeneuronsthatarestrongly
positive for GluR4. (A–C) Four neurons, at higher magniﬁcation.
have GABAergic terminations (Bartho et al., 2002). The proximal location
mayargueagainstRT,whichtendstotargetmoredistaldendriticlocations
(Ilinsky et al., 1999; Liu et al., 1995); and the large size rules out a fourth
possible source, from recently described PV+ GABAergic interneurons
(Imura and Rockland, 2006). Thus, we suggest that these giant neurons
participate in what is described in higher order nuclei of rats as a distinct
extrareticular pathway. In rats, this exerts a powerful GABAergic control,
with multiple release sites and GABAA-mediated responses, appropriate
for fast, phasic control (Bokor et al., 2005). In the cat, as well, there are
dense pretectal terminals to the pulvinar nucleus, but these are both non-
GABAergic (87.6%) and GABAergic (12.4%). They are reported to contact
mainly CB− pulvinocortical relay (Baldauf et al., 2005), although the cat
pulvinar contains some very large CB+ neurons (Batini et al., 1991; and
personal communication, Hisayuki Ojima).
Given evident species differences, it remains uncertain whether, as
in the rat, the giant CB+ neurons in the monkey constitute a distinct,
extrareticularsubsystem.Aninterestingfurtherpossibility,however,would
be that there is a layer 5-APT-thalamus (giant neuron) pathway, operating
in parallel with a layer 6-RT-thalamus pathway, as suggested by Bokor
et al. Type 2 (“round”) corticopulvinar axons have been shown to project
by collaterals to both the pretectum and pulvinar (Figure 7 in Rockland,
1998),anditwillevidentlybeimportanttofurtherinvestigatethiscircuitry
and its functional signiﬁcance.
Third, we show that the giant neurons are all positive for GluR4, and
in this respect, they are similar to RT neurons. In addition, however, about
one-third are co-labeled with PV. From this, one can infer that there are
further subpopulations even within this group of giant neurons. In terms
Figure 7. Giant CB+ neurons are co-labeled by GluR4.( A) Giant CB+
neuron.(B)Samesection,reactedforGluR4.(C)Mergedimagedirectlydemon-
strates co-labeling of CB and GluR4. (Small cells are glia, which are positive
for GluR4.)
of subpopulations, some investigators have distinguished two subtypes
of type 1 corticopulvinar axons and four subtypes of type 2 (Kultas-Ilinsky
et al.,2003).Ifpulvinocortical,aswellascorticopulvinarprojectionsprove
to be more diverse than presently recognized, this would have obvious
consequencesforourunderstandingofmodesofcommunicationbetween
cortex and thalamus.
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Figure 8. (A–C) Proximal dendrites of giant neurons are densely coated
with PV+ terminations. Higher magniﬁcation from the three boxed regions
in Figures 5C and 5F.
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